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FOREWORD 

This volume has  been prepared f o r  t he  Functional I n t e g r a t i o n  Sec t ion ,  
Systems I n t e g r a t i o n  and Operations Branch, Vehicle Systems Div i s ion ,  Propul- 
s i o n  and Vehicle Engineering Laboratory, by t h e  Engineering Communications 
Department, Chrysler  Corporation Space Divis ion,  under c o n t r a c t  number 
NAS8-4016. 

The following series, of which t h i s  volume i s  a p a r t ,  f u n c t i o n a l l y  de- 
s c r i b e s  t h e  mechanical and electromechanical systems of Saturn I,  SA-7 space 
v e h i c l e  and Launch Complex 37: 

Volume I. 
Volume 11. 
Volume 111. 
Volume I V .  
Volume V.  
Volume V I .  
Volume V I I .  
Volume VI11 
Volume I X .  
Volume X. 
Volume X I .  

RP-1 Fuel System 
LOX System 
LH2 System 
Nitrogen and Helium Storage F a c i l i t y  
Pneumatic D i s t r i b u t i o n  System 
Environmental Control System 
Launch Pad Accessories 
H - 1  Engine and Hydraulic System 
RLlOA-3 Engine and Hydraulic System 
Separation and F l i g h t  Termination Systems 
Supplement: Legend and Composite Schematic 

Each volume con ta ins  mechanical schematics and a l i s t  of app l i cab le  f ind ing  
numbers . 

Volume V I 1  desc r ibes  those components t h a t  a r e  a c t i v e  during launch 
operat ions:  t h e  umbil ical  tower swing arms, s h o r t  cab le  masts, f u e l  and LOX 
masts, and holddown arms. This  volume s p e c i f i c a l l y  excludes launch pad acces- 
s o r i e s  f o r  t h e  payload (Apollo Spacecraf t )  and maintenance and checkout pro- 
cedures.  Only information a v a i l a b l e  by December 5, 1963, has been included. 
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1 .  UMBILICAL TOWER SWING ARMS 

1.1. Swing A r m  Descr ip t ion  

Three swing arm assemblies on the  umbi l ica l  tower ( f igu re  1) support  t he  
e l e c t r i c a l  cab le s ,  hydraul ic  and pneumatic l i n e s ,  and a i r  condi t ion ing  duc ts  
t h a t  s e r v i c e  t h e  S - I  s t a g e ,  t he  S - I V  s t a g e ,  and the  instrument u n i t  of t he  
Sa turn  v e h i c l e  during prelaunch operat ions.  Swing a r m  number one, loca ted  
between the  108 and 118 foot  l e v e l s ,  s e r v i c e s  t h e  S - I  s t age ;  number two, be- 
tween the  128 and 138 foot  l e v e l s ,  t he  S-IV s t a g e ;  and number t h r e e ,  between 
the  158 and 168 foot  l e v e l s ,  t h e  instrument u n i t .  Swing arm number two a l s o  
suppor ts  t he  S - I V  s t a g e  propel lan t  loading l i n e s .  A t  veh ic l e  l i f t o f f ,  t he  
umbi l ica l  housings and connector p l a t e  disconnect  from the  veh ic l e  and the  
swing arms r o t a t e  l a t e r a l l y  out  of t he  veh ic l e  f l i g h t  path. 

Solenoid-control led pneumatic pressure  ac tua t e s  the  umbi l ica l  housing 
r e l e a s e  mechanism and the  kickoff  c y l i n d e r s ,  r e l e a s i n g  the  umbi l ica l  housings 
and pushing them away from the  vehic le .  The swing arms a r e  ro t a t ed  away from 
the  veh ic l e  by hydraul ic  r o t a r y  a c t u a t o r s .  The hydraul ic  systems a r e  f i l l e d  
by a hydraul ic  power c a r t  located i n  automatic ground con t ro l  s t a t i o n  and a r e  
pressur ized  by pneumatic pressure from va lve  panel 5. Automatic r e l e a s e  of 
t h e  umbi l ica l  housings and r o t a t i o n  of t he  arms a t  l i f t o f f  i s  i n i t i a t e d  by a 
l i f t o f f  switch on the  holddawn arms; however, each swing arm can be operated 
from a c o n t r o l  panel located on the  tower ad jacent  t o  t h a t  arm. 

Each swing arm system c o n s i s t s  of a b a s i c  a r m ,  hinge assembly, quick- 
r e l e a s e  mechanism, r o t a r y  ac tua to r  assembly, bumper assembly, and c o n t r o l  
pane 1. 

1.1.1. Basic Arm. The bas i c  a r m  i s  a four-s ided t r u s s  s t r u c t u r e  wi th  
an attachment p l a t e  assembly a t  each end. The main attachment p l a t e  i s  secured 
t o  the  tower by a hinge assembly. The p l a t e  on t h e  veh ic l e  end of the  bas i c  
arm a t t a c h e s  ex tens ion  arms t o  swing arms number two and th ree .  A shee t  metal 
t r a y  suppor ts  the  var ious  se rv ice  l i n e s  on the  swing a r m .  

1.1.2. Hinpe Assembly. The hinge assembly connects t o  the  back p l a t e  
weldment t h a t  a t t aches  t o  the  umbil ical  tower. The r o t a t i n g  elements of the  
assembly con ta in  twin-row, s p h e r i c a l ,  s e l f - a l i g n i n g  r o l l e r  bear ings wi th  
spacers  on e i t h e r  s i d e  of each bear ing race .  A lock-pin assembly on the  
bottom hinge holds  the  arm i n  the  se rv ic ing  pos i t i on ,  prevent ing arm r o t a t i o n .  

1 



The lock-pin cyl inder  contains  a compression c o i l  sp r ing ,  which holds t h e  p i s -  
ton i n  t h e  extended (locked) pos i t i on  u n t i l  hydraul ic  p re s su re  is  app l i ed .  
When t h e  lock-pin i s  r e t r a c t e d ,  i t  mechanically opens a b a l l  valve i n  t h e  hy- 
d r a u l i c  supply l i n e .  This valve ensures t h a t  t h e  lock-pin i s  r e t r a c t e d  and t h e  
swing arm is f r e e  t o  r o t a t e  be fo re  hydraul ic  p r e s s u r e  i s  app l i ed  t o  t h e  lanyard 
r e t r a c t  cy l inde r  and the  r o t a r y  a c t u a t o r  u n i t .  

A b a l l  valve on the  s t a t i o n a r y  p a r t  of the top  hinge i s  ac tua ted  by a 
cam p l a t e  t h a t  r o t a t e s  with the top hinge. A s  the  arm r o t a t e s  away from the  
v e h i c l e ,  t he  cam c loses  t h e  b a l l  valve and res t r ic ts  flow i n  the  hydraul ic  
r e t u r n  l i n e ,  thus dece le ra t ing  the  arm p r i o r  t o  arm con tac t  with the  bumper 
assembly. 

1.1.3. Quick-Release Mechanism. The quick-release mechanism a t  t he  
ou te r  extremity of the swing a r m  assembly connects and secures  s e r v i c e  l i n e s  
t o  the  veh ic l e  during ground s e r v i c i n g  ope ra t ions ,  and r e l e a s e s  and e jects  
t h e s e  l i n e s  a t  vehicle  l i f t o f f .  Due t o  the number and s i z e  of t he  s e r v i c e  
l i n e s ,  a r m s  one and th ree  employ a quick-release housing, A b a l l - l o c k  assem- 
b l y ,  posi t ioned i n  a lock r i n g ,  secures  the  housing t o  t h e  veh ic l e  umbil ical  
p l a t e .  Two housing support  l egs  r e s t i n g  on veh ic l e  p in  devices h e l p  support  
t he  weight of the housing and synchronize t h e  r e l e a s e  of t h e  couplings a t  
disconnect .  A t  l i f t o f f ,  pneumatic pressure r e t r a c t s  t h e  lock pin and a c t u a t e s  
four  kick-off  p i s tons ,  s epa ra t ing  the housing from the veh ic l e .  A r m  number 
two uses a connector p l a t e  assembly secured t o  the v e h i c l e  by two ba l l - lock  
kickoff cy l inde r s .  The ba l l - lock  cy l inde r s  are posi t ioned on and locked t o  two 
r e t a i n i n g  knobs on the  veh ic l e  umbil ical  p l a t e .  A t  l i f t o f f ,  pneumatic p re s -  
s u r e  a c t u a t e s  the  ba l l - lock  kickoff cy l inde r s  and sepa ra t e s  t h e  connector p l a t e  
from the  veh ic l e .  

The GH2 vent l i n e ,  i n s t a l l e d  on swing arm number t h r e e ,  i s  connected t o  
The coupling the S-IV s t a g e  by a 6-inch quick-disconnect coupling assembly. 

i s  secured t o  the  s t age  by a spr ing-lock assembly i n s i d e  the coupling. 
l i f t o f f ,  pneumatic pressure a c t u a t e s  two kickoff  c y l i n d e r s ,  a t tached t o  the  
ou te r  s h e l l  of t he  coupling assembly, which sepa ra t e  the  vent  l i n e  from the  
vehicle .  

A t  

I n  t h e  event pneumatic pressure f a i l s  t o  r e l e a s e  any of t he  umbil ical  
connectors from the veh ic l e ,  they are mechanically r e l eased  by the p u l l  of 
the lanyard r e t r a c t  cab le s ,  which connect t o  a hydrau l i c  cy l inde r  and p i s t o n  
assembly. When the swing a r m  lock p in  i s  r e t r a c t e d ,  it opens a b a l l  valve 
i n  the  hydraul ic  supply l i n e  and allows hydrau l i c  pressure t o  fo rce  the  p i s -  
ton t o  the  bottom of the  lanyard retract  cy l inde r .  The downward force of 
t he  p i s t o n ,  a c t i n g  through the  lanyard c a b l e s ,  p u l l s  t h e  umbil ical  housing 
(or connector p l a t e )  away from the  veh ic l e .  

1.1.4. Rotary Actuator Assembly. The hydrau l i c  r o t a r y  a c t u a t o r  assembly 
provides the necessary torque t o  r o t a t e  t h e  swing a r m  from the s e r v i c i n g  posi- 
t i o n  t o  t h e  r e t r a c t e d  pos i t i on  ( aga ins t  t he  tower) quickly enough t o  prevent 
t he  v e h i c l e  from s t r i k i n g  the  swing arm a t  l i f t o f f .  



The r o t a c  (hydraul ic  r o t a r y  ac tua to r )  c o n s i s t s  of a c y l i n d r i c a l  housing 
t h a t  con ta ins  a f ixed  vane and, a t tached t o  a s h a f t ,  a r o t a r y  vane. These 
vanes extend r a d i a l l y  outward from the  c e n t e r  of t he  cy l inde r  t o  the  cy l inde r  
w a l l ,  d iv id ing  the  cy l inder  i n t o  two p a r t s .  
t o  one p a r t  and the  hydraul ic  r e t u r n  l i n e  connects t o  the  o ther .  
p ressure  a c t s  a g a i n s t  t he  supply s i d e  of t he  cy l inde r ,  t he  r o t a r y  vane and 
i ts  s h a f t  i n  t he  c e n t e r  of t he  cy l inder  are forced t o  r o t a t e .  The s h a f t  i s  
r i g i d l y  a t tached  t o  the  bas i c  a r m  s t r u c t u r e ;  t he re fo re ,  t he  r o t a t i n g  s h a f t  
swings the  arm away from the  vehic le .  With a pressure  d i f f e r e n t i a l  of 1500 
ps ig  between the  two s e c t i o n s  of the r o t a c  cy l inde r ,  t he  r o t a c  develops 
210,000 inch-pounds of torque. 

The hydraul ic  supply l i n e  connects 
A s  hydraul ic  

1.1.5. Bumper Assembly. A bumper assembly f o r  each arm on the  umbi l ica l  
tower provides a r i g i d  s t o p  f o r  the swing arms a f t e r  approximately 135 degrees 
of r o t a t i o n .  

' c a l l y  on the  tower and i n s t a l l e d  so  t h a t  t he  forward end of t he  swing arm w i l l  
con tac t  t he  bumper. Rubber pads cover t h e  arm contac t  a r ea  on the  bumper t o  
prevent  damage t o  the  a r m .  
conta ins  a b u i l t - i n  plunger t h a t  extends through the  bumper. A r m  con tac t  wi th  
the  plunger ac tua t e s  the  switch,  which t ransmi ts  a s i g n a l  t o  the  launch con- 
t r o l  c e n t e r ,  i nd ica t ing  t h a t  t he  arm i s  f u l l y  r e t r a c t e d .  

Bas i ca l ly ,  t he  bumper assembly i s  a channel beam mounted v e r t i -  

A microswitch,  mounted on each bumper assembly, 

1 .1 .6 .  Control  Panels. On the  umbi l ica l  tower, ad jacent  t o  each swing 
arm, a panel  conta ins  the  equipment necessary t o  c o n t r o l  t h e  swing arm pneu- 
ma t i c  and hydraul ic  systems. Hydraulic and pneumatic accumulators i n  each 
c o n t r o l  panel  provide a means of precharging the  system p r i o r  t o  launch. 

Each c o n t r o l  panel  contains  a hand-operated shutof f  va lve ,  a pressure  
r e g u l a t o r ,  a p re s su re  gage, and a hand-operated vent  valve t h a t  c o n t r o l  t he  
pneumatic pressure  wi th in  the  system. Solenoid valves  wi th in  the  c o n t r o l  
panel c o n t r o l  t he  pneumatic pressure suppl ied t o  the  quick-release housing 
and the  pneumatically operated b a l l  valves  i n  the hydraul ic  system. These 
so lenoid  va lves ,  which a r e  actuated au tomat ica l ly  a t  l i f t o f f ,  can be ac tua ted  
wi th  a toggle  swi tch  on the  panel. The hydraul ic  system i s  con t ro l l ed  from 
the  panel  by a hand-operated shutoff  va lve ,  a 4-way 3 -pos i t i on  va lve ,  and 
s e v e r a l  push-button valves .  The hydraul ic  supply l i n e s  conta in  pneumatically 
operated b a l l  valves .  The pneumatic a c t u a t i o n  pressure  f o r  these  valves  i s  
c o n t r o l l e d  by the  solenoid valves. 

The c o n t r o l  pane ls  a r e  cons tan t ly  purged wi th  50-psig GN2 during t h e i r  
opera t ion .  

1 .2 .  Swing A r m  Operation 

Operation of the arms involves: system prepara t ion ,  r o t a t i o n  i n t o  ve- 
h i c l e  s e rv i c ing  pos i t i on ,  and umbil ical  r e l e a s e  and swing arm r o t a t i o n  a t  
l i f t o f f .  
( t he  only d i f f e rence  being t h a t  swing arm number two has a connector p l a t e  
r a t h e r  than an umbil ical  housing),  only swing arm number one is descr ibed.  
Figure 3 ,  page 37, r ep resen t s  the swing arm number one hydraul ic  and pneumatic 
systems and should be used i n  connection wi th  the  t e x t .  

Because the  th ree  swing arms operate  i n  e s s e n t i a l l y  the  same manner 
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1 . 2 . 1 .  Sys tem Preparat ion.  Before the  swing arm can be operated,  
Hydraulic Accumulator A3000 must be f i l l e d  and then t h e  pneumatic system 
pressurized.  

The hydraul ic  accumulator i s  f i l l e d  as follows: 

a.  

b. 

C .  

d. 

The hydrau l i c  pump motor on Hydraulic Power Cart A4850 is  
s t a r t e d  and the  flow c o n t r o l  valve on the car t  i s  opened. 
Hydraulic f l u i d  i s  then pumped i n t o  the tower hydrau l i c  supply 
l i ne .  

Manual Tower Valve A5500 is  opened and hydrau l i c  f l u i d  flows 
through F i l t e r  A3020 and Check Valve A3003 i n t o  t h e  accumulator. 

The accumulator i s  f i l l e d  u n t i l  t h e  f l u i d  fo rces  a p i s t o n  wi th in  
the accumulator t o  t h e  top  and a c t u a t e s  Accumulator F u l l  Indi-  
c a t o r  Switch A3022. 

When pump pressure b u i l d s  up t o  1700 ps ig ,  t h e  pump s h u t s  o f f .  

The pneumatic system i s  pressurized as follows: 

a. Pneumatic Shutoff Valve A3001 on the  swing a r m  c o n t r o l  panel i s  
opened, allowing 3000-psig GN2 from valve panel 5 t o  flow through 
Check Valve A3027 t o  Pneumatic Regulator A3006. 

b. Pneumatic Regulator A3006 i s  opened slowly u n t i l  Pneumatic 
Accumulator A3002 is pressurized t o  the prescr ibed operat ing 
pressure of 1500 ps ig ,  as ind ica t ed  by Pressure Gage A3005 and 
s ignaled by Pressure Switch A3047. When the  prescr ibed pressure 
i s  reached, Pneumatic Shutoff Valve A3001 i s  closed.  I f  re- 
charging i s  necessary a f t e r  t h e  tower has been c l e a r e d ,  Solenoid 
Valve A3042 can be remotely opened t o  bypass the  pneumatic shut-  
o f f  valve.  

c .  A hand-operated shu to f f  valve i s  opened on valve panel 5 t o  
purge the umbil ical  housing and supply 750-psig GN2 f o r  valve 
ac tua t ion  and umbil ical  housing release. 

1 . 2 . 2 .  Rotation i n t o  Vehicle Servicing Pos i t i on .  To s e r v i c e  the  v e h i c l e ,  
the swing a r m  must be r o t a t e d  i n t o  p o s i t i o n  and the  umbil ical  housing secured 
t o  the  v e h i c l e  as follows: 

a. A toggle switch on the  swing arm c o n t r o l  panel  is  moved t o  the 
closed p o s i t i o n .  The switch ene rg izes  normally closed Solenoid 
Valve A3018, allowing 750-psig pneumatic p re s su re  t o  c l o s e  Ba l l  
Valves A3012 and A3036 i n  the  hydrau l i c  supply l i n e .  

b. Manual Valve A3007 i s  opened, a l lowing hydrau l i c  f l u i d  t o  flow 
t o  4-way, 3-posi t ion Valve A3008, which i s  posi t ioned t o  d i r e c t  

4 



C.  

d. 

e.  

f .  

hydraul ic  f l u i d  t o  the s i d e  of Hydraulic Rotary Actuator A3013 
t h a t  w i l l  r o t a t e  the swing a r m  toward t h e  vehic le .  A s  the  a r m  
r o t a t e s ,  t he  hydraul ic  f l u i d  i n  the  o ther  s i d e  of t he  r o t a r y  
ac tua to r  cy l inder  flows back through the  4-way, 3 -pos i t i on  
valve i n t o  the  hydraul ic  r e t u r n  l i n e .  

When the  a r m  reaches a n e u t r a l  pos i t i on ,  t he  4-way, 3 -pos i t i on  
valve is  moved t o  the c e n t e r  (c losed)  p o s i t i o n  and Push-Button 
Valve A3026 i s  opened. Opening of Valve A3026 allows the  hy- 
d r a u l i c  f l u i d  within Lock-Pin Assembly A3021 t o  flow i n t o  t h e  
hydraul ic  r e t u r n  l i ne .  This allows the  locking p in  t o  extend 
and lock the  swing arm i n  the  se rv ic ing  pos i t i on .  

Push-Button Valve A3009 is  opened momentarily t o  r e t r a c t  t he  
lock p in  j u s t  enough t o  open B a l l  Valve A3023. 
w i th in  Lanyard Re t r ac t  Cylinder A3011 is  manually extended while  
hydraul ic  f l u i d  i s  forced from the  cy l inde r  through O r i f i c e  
A3078, B a l l  Valve A3023, and O r i f i c e  A3035 i n t o  the  hydraul ic  
r e t u r n  l i n e .  Then Manual Valve A3009 i s  closed. 

Then the  p i s t o n  

Af te r  t he  lanyard cable  and p i s ton  have been extended, Umbilical  
Housing A3060 is  posi t ioned aga ins t  t he  veh ic l e  umbi l ica l  p l a t e  
and secured t o  the  veh ic l e  by pos i t i on ing  a ba l l - lock  assembly 
i n  a lock r i n g  on the veh ic l e  umbi l ica l  p l a t e .  

Hydraulic and Pneumatic Accumulators A3000 and A3002 a r e  re- 
charged and Solenoid Valve A3018 i s  closed.  The swing arm is  
now ready f o r  vehic le  s e rv i c ing  and automatic r e t r a c t i o n  a t  
l i f t o f f .  

1.2.3.  Umbilical  Release and Swing A r m  Rotat ion a t  L i f t o f f .  A t  l i f t o f f ,  
the umbi l ica l  housing i s  re leased  and pul led away from the  vehic le  and the  
swing a r m  i s  r o t a t e d  out of t he  veh ic l e  f l i g h t  path au tomat ica l ly  upon r e c e i p t  
of a s i g n a l  from any one of t h e  l i f t o f f  switches located on the  holddown arms. 

a. The s igna l  from a l i f t o f f  switch opens Solenoid Valve A3039 and 
allows 750-psig GN2 f low t o  the  r e l e a s e  mechanism and kickoff  
cy l inde r s  of Umbilical Housing A3060. 
and kickoff  cy l inders  r e l e a s e  the  umbi l ica l  housing and sepa ra t e  
it from the  vehicle .  

The r e l e a s e  mechanism 

b. The same s i g n a l  from the  l i f t o f f  switch opens Solenoid Valves 
A3017 and A3041, allowing 750-psig pneumatic pressure  t o  open 
Ball  Valves A3012 and A3036 i n  the hydraul ic  supply l i n e ,  
Hydraulic f l u i d  a t  1500 ps ig  flows through Check Valve A3004 
and i n t o  Swing Arm Lock-Pin Assembly A3021, r e t r a c t i n g  the  lock- 
ing pin and f ree ing  t h e  swing arm f o r  r o t a t i o n .  

A s  t he  lock p in  r e t r a c t s ,  B a l l  Valve A3023 opens. 
f l u i d  flows through O r i f i c e  A3078 i n t o  Lanyard Re t r ac t  Cyl inder  
A3011 and a l so  through Check Valve A3031 i n t o  Hydraulic Rotary 

c .  Hydraulic 
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Actuator A3013. The lanyard r e t r a c t  c y l i n d e r  p u l l s  t h e  um- 
b i l i c a l  housing and s e r v i c e  l i n e s  from the  veh ic l e  while t he  
r o t a r y  a c t u a t o r  begins swing a r m  r o t a t i o n .  

I 

d. A s  the  arm completes 55 degrees of r o t a t i o n ,  B a l l  Valve A3032 
i s  slowly closed by a cam on the top  hinge assembly. 
ing of t h i s  valve restricts t h e  flow of hydraul ic  f l u i d  from 
the r e t u r n  s i d e  of Hydraulic Rotary Actuator A3013, dece le ra t ing  
the a r m .  After  the a r m  completes approximately 90 degrees of 
r o t a t i o n ,  Ball  Valve A3032 c l o s e s  completely, f u r t h e r  dece le r -  
a t i n g  t h e  arm by forcing the  hydraul ic  f l u i d  t o  flow through 
Or i f i ce  A3044.  Re l i e f  Valve A3067 prevents excessive pressure 
buildup i n  the  hydrau l i c  r e t u r n  l i n e .  The hydraul ic  f l u i d  flows 
through O r i f i c e  A3077 i n t o  t h e  tower hydrau l i c  r e t u r n  l i n e .  

The c l o s -  

e. When the  arm completes 130 t o  135 degrees of r o t a t i o n ,  t h e  a r m  
contacts  t he  tower bumper assembly. A microswitch i n  t h e  bumper 
assembly s i g n a l s  t h e  launch c o n t r o l  c e n t e r  t h a t  t h e  swing a r m  
i s  f u l l y  r e t r a c t e d .  

2. SHORT CABLE MASTS 

2 . 1 .  Short  Cable Mast Descr ipt ion 

Two s h o r t  cable masts ( f i g u r e  2)  provide a s t r u c t u r a l  support  and a d i s -  
connect c a p a b i l i t y  f o r  e l e c t r i c a l  cab le s  and pneumatic s e r v i c e  l i n e s  required 
f o r  checkout and operat ion of t he  Saturn v e h i c l e  engine components p r i o r  t o  
launch. A t  l i f t o f f ,  a f t e r  the veh ic l e  i s  approximately two inches off  the 
pad, the masts disconnect a l l  cab le s  and l i n e s  and r o t a t e  i n  a v e r t i c a l  plane 
away from the  f l i g h t  path of t h e  veh ic l e .  

The masts a r e  designated s h o r t  cable  masts number two and number fou r ,  
i n d i c a t i n g  t h e i r  l oca t ions  next t o  f i n s  I1 and I V .  
i n  cons t ruc t ion  and operat ion,  t he  p r i n c i p a l  d i f f e r e n c e s  being the type,  s i z e ,  
and quan t i ty  of cables and pneumatic l i n e s  required a t  each f i n  loca t ion .  
Each s h o r t  cable  mast system c o n s i s t s  of a support  platform and mast weldment, 
kickoff  c y l i n d e r s ,  a quick-release housing, a re t ract  c y l i n d e r ,  a latch-back 
mechanism, and a trunnion. The a c t u a t i n g  mechanisms and s t r u c t u r a l  arrange- 
ment of masts number two and four  are i d e n t i c a l .  

The two masts are s imi l a r  

2 .1 .1 .  Support Platform and Mast Weldment. The support  platform,  manu- 
f ac tu red  from s t e e l  tubing and p l a t e ,  provides e l e v a t i o n  and s t r u c t u r a l  SUP- 
port  f o r  the m a s t .  Three access  platforms, mounted on each support  platform 
and removed before  launch, allow personnel t o  ope ra t e  and s e r v i c e  the  s h o r t  
cab le  masts. 

The mast weldment extends from the  support  platform t o  the veh ic l e  umbili- 
c a l  area. The upper po r t ion  of t he  weldment accommodates the  quick-release 
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housing; t he  lower por t ion  accommodates t h e  r e t r a c t  cy l inde r  and allows f o r  
ex tens ion  or r e t r a c t i o n  of t he  weldment. 

2.1.2. Kickoff Cylinders.  Two spring-loaded k ickoff  cy l inde r s  mechani- 
c a l l y  e j e c t  t he  quick- re lease  housing from the  veh ic l e ,  
secured t o  the  upper bracket  arms of the  mast weldment by s p e c i a l  hinges and 
a r e  in se r t ed  i n  s p e c i a l  pin-holddown devices  on the  veh ic l e .  A t  l i f t o f f ,  
veh ic l e  motion forces  the  p i s tons  t o  compress the  sp r ings .  Af te r  two inches 
o f  v e r t i c a l  motion, t he  p i s tons  bottom wi th in  the  cy l inde r s  and push t h e  mast 
away from the  vehic le .  The kickoff cy l inde r s  a r e  a l s o  used i n  prelaunch 
t e s t i n g  of the  m a s t  by pressur iz ing  the  cy l inde r s  t o  e j e c t  the  mast and the  
quick- re lease  housing. 

The cy l inde r s  a r e  

2.1.3. Quick Release Housing. I n  the  upper end of the  mast weldment, 

A 
a qu ick - re l ease  housing conta ins  a l l  e l e c t r i c a l  cab les  and pneumatic s e r v i c e  
l i n e  connectors t h a t  l i n k  the  veh ic l e  wi th  the  ground se rv ic ing  systems. 
ba l l - lock  and r e l e a s e  p in  assembly holds  the housing i n  pos i t ion .  A r e l e a s e  
arm is  a t tached  t o  one end of t h e  p in  assembly and a r o l l e r  is mounted on 
t h e  o ther  end. A s  t he  veh ic l e  l i f t s  approximately two inches,  t he  r o l l e r  
moves down a groove i n  the  mast arm and encounters a cam, which p ivots  t he  
r e l e a s e  arm about a p in ,  fo rc ing  the r e l e a s e  p in  assembly t o  r e t r a c t .  This  
f r e e s  the  quick- re lease  housing from the  vehic le .  During prelaunch checkouts,  
t he  b a l l - l o c k  and r e l e a s e  p in  assembly r e l e a s e s  pneumatically. 

2.1.4. R e t r a c t  Cylinder.  A double-act ing,  pneumatic r e t r a c t  cy l inde r  
supp l i e s  the  force  t h a t  r e t r a c t s  t he  cable  mast during launch. A t  T-5 seconds, 
750-psig GN2 is appl ied  t o  the  t o p  of t he  r e t r a c t  cy l inder  and i s  opposed by 
cons tan t ly-vent ing  50-psig GN2 a t  the bottom of the  cy l inde r .  This  opposing 
pressure  cushions the  mast a t  the end of i t s  r e t r a c t i o n .  A secondary s i g n a l ,  
s e n t  t o  a s epa ra t e  va lve  simultaneously wi th  the  commit s i g n a l ,  r e s u l t s  i n  
another  supply of 750-psig GN2 t o  t he  t o p  of t he  cy l inder  during r e t r a c t i o n .  

2.1.5. Latch-Back Mechanism. A la tch-back mechanism, bracketed between 
t h e  mast weldment and the  trunnion, provides a p o s i t i v e  lock f o r  t h e  mast i n  
any of t he  t h r e e  r e t r a c t e d  pos i t ions .  This  lock keeps the  mast from rebound- 
ing i n t o  the  v e h i c l e  f l i g h t  path. The f i r s t  pos i t i on  holds  the  mast about 
four  inches from the  veh ic l e  t o  prevent i t s  s t r i k i n g  the  veh ic l e  dur ing  manual 
e r ec t ion .  The middle l a t c h  p o s i t i o n s e c u r e s  the  mast ou t  of t he  a n t i c i p a t e d  
v e h i c l e  d r i f t  envelope. The kickoff  cy l inde r s  should fo rce  the  m a s t  t o  t h i s  
p o s i t i o n  even i f  a f a i l u r e  occurs i n  the  pneumatic r e t r a c t i o n  system. The 
t h i r d  p o s i t i o n  l a t ches  the  mechanism i n  the  f u l l y  r e t r a c t e d  pos i t i on .  

2.1.6. Trunnion. The trunnion provides a mounting point  and a p ivot  
f o r  t h e  mast weldment and allows v e r t i c a l  m a s t  adjustment.  
and r e t r a c t i o n  cy l inde r  p ivot  brackets  a r e  mounted on t h e  trunnion. 

A l a t c h  bracket  

2.2. Short  Cable Mast Operation 

Mast number two and mast number four  operate  i d e n t i c a l l y ;  t he re fo re ,  
only the  opera t ion  of mast number two is discussed.  Figure 5,  page 41, 
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r e p r e s e n t s  t h e  s h o r t  cab le  mast system and should be used i n  conjunct ion with 
t h e  t e x t .  

2.2.1. Mast Erec t ion  

a.  The l a t c h  mechanism i s  released and the mast moved manually 
toward the  vehic  le. 

b. Kickoff Cylinders A6511 and A6526 are i n s e r t e d  i n t o  v e h i c l e  
pin h o l d d m  dev ices ,  

c. Vent Por t  Check Valve A6523 i s  removed and a v a r i a b l e  (250 t o  
750 ps ig )  GN2 supply i s  at tached t o  O r i f i c e  A6516 t o  supply 
pneumatic pressure t o  the bottom of Retract Cylinder A6522. 

d. As t h e  r e t r a c t  cy l inde r  i s  gradual ly  p re s su r i zed ,  t h e  mast 
moves c lose r  t o  t h e  v e h i c l e  and Ball-Lock Release Pin A6500 
i s  guided i n t o  t h e  veh ic l e  p l a t e  r e c e p t a c l e .  
inders compress f u r t h e r  as t h e  m a s t  moves toward the  veh ic l e .  

The kickoff  c y l -  

e. The housing is  secured t o  the  v e h i c l e  p l a t e  and pressure i s  
bled from t h e  a u x i l i a r y  pneumatic l i n e  and the  r e t r a c t i o n  cy l -  
inder.  Then t h e  a u x i l i a r y  l i n e  i s  removed and Vent Por t  Check 
Valve A6523 is  r e i n s t a l l e d .  

f .  A l l  s e r v i c e  l i n e s  are connected t o  t h e i r  proper nipples  and 
connectors on t h e  quick-release housing, and are secured. 

2.2.2. Automatic Mast Re t rac t ion  

a. 

b. 

C. 

d. 
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A t  T-5 seconds, Solenoid Valve A5602 opens, allowing 750-psig 
GN2 flow through Check Valve A6514 t o  p rep res su r i ze  the upper 
p a r t  of Retract Cylinder A6522. The pneumatic p re s su re  a l s o  
flows through Pressure Regulator A6518 and Check Valve A6517 
i n t o  the lower p a r t  of the re t ract  cy l inde r .  Pressure i n  the 
bottom of t he  re t ract  cy l inde r  vents  through O r i f i c e  A6516 and 
Check Valve A6523. A secondary s i g n a l ,  concurrent w i th  t h e  
launch commit s i g n a l  a t  T+3.75 seconds, opens Solenoid Valve 
A5603, allowing 750-psig GN2 backup pressure t o  flow through 
Check Valve A6520 i n t o  the m a s t  retract  system. 

A t  l i f t o f f ,  t h e  quick-release housing ( s t i l l  i n  s e r v i c i n g  posi-  
t i on )  w i l l  move up wi th  t h e  veh ic l e .  

The v e h i c l e  ends of Kickoff Cylinders A6511 and A6526 a l s o  move 
UP with t h e  v e h i c l e ,  f u r t h e r  compressing t h e  k i ckof f  cy l inde r  
spr ings.  

The r o l l e r  on the release arm of t h e  quick-release housing moves 
along the  m a s t  a r m  s l o t .  
vehicle  motion, t he  release arm p i v o t s  and disengages Ball-Lock 

Af te r  approximately two inches of 



and Release Pin Assembly A6500, r e l e a s i n g  the  quick- re lease  
housing. Simultaneously,  t he  p i s tons  w i t h i n  the  k ickoff  
cy l inde r s  bottom and provide an outward force  on the  mast weld- 
ment . 

e .  The k ickoff  cy l inders  provide enough outward force  t o  disconnect  
t h e  cab le  and l i n e  connectors from the  vehic le .  The sp r ings  
wi th in  the  cy l inders  h e l p  t o  a c c e l e r a t e  t he  mast away from the  
veh ic l e .  

f .  A s  d isconnect  occurs, Re t r ac t  Cyl inder  A6522 p u l l s  t he  mast 
away from the  vehicle .  
bottom of the r e t r a c t  cy l inde r  cushions mast t r a v e l .  

Constant ly-vent ing 50-psig GN2 i n  t h e  

g. A s  t he  mast reaches the  end of i t s  t r a v e l ,  t he  latch-back 
mechanism engages, prevent ing the  mast from rebounding i n t o  the  
veh ic l e  f l i g h t  path o r ,  i n  t h e  event  of pneumatic f a i l u r e ,  from 
f a l l i n g  back i n t o  the veh ic l e .  

3 .  FUEL AND LOX MASTS 

3.1. Fuel and LOX Mast Descr ipt ion 

The f u e l  and the  LOX masts ( f igu re  2) are p ivot ing  s t r u c t u r e s  t h a t  pro- 
v ide  the  f i n a l  l i n k  between the  propel lan t  t r a n s f e r  l i n e s  and the  veh ic l e  
f i l l i n g  nozz les .  The f u e l  mast is i n s t a l l e d  between f i n  I and s tub  f i n  I, 
t h e  LOX mast between s t u b  f i n  I1 and f i n  111. 

The b a s i c  s t r u c t u r a l  conf igura t ion  and opera t ion  of t he  masts a r e  the  
same, the  p r i n c i p a l  d i f f e rences  being t h a t  t he  f u e l  mast i s  e ighteen  inches 
longer  and conta ins  a t u rb ine  exhaust duc t .  Manual con t ro l  f o r  mast e r e c t i o n  
and r e t r a c t i o n  i s  provided by a pneumatic valve box mounted on each mast 
suppor t  s tand .  Automatic r e t r a c t i o n  a t  l i f t o f f  i s  provided by an e l e c t r i c a l l y  
c o n t r o l l e d  pneumatic system. 

Each mast c o n s i s t s  bas i ca l ly  of a r e t r a c t a b l e  coupling assembly, c y l i n d e r  
assemblies ,  r e t r a c t i n g  assembly, m a s t  a r r e s t o r ,  mounting assembly, valve 
box assembly, and pneumatic l i nes .  

3.1.1. Ret rac t ab le  Couplina Assembly. The r e t r a c t a b l e  coupl ing assembly 
is  a mechanically ac tua t ed ,  t e lescoping  device t h a t  mates the  mast t o  t h e  ve- 
h i c l e  f i l l i n g  nozzle. The coupling assembly c o n s i s t s  pr imar i ly  of a guide 
assembly and a bellows assembly mounted i n  a s h i e l d  assembly. 
sembly a l i g n s  the  coupling assembly w i t h  t he  veh ic l e  f i l l i n g  nozzle  during 
mast e rec t ion .  The bellows assembly c o n s i s t s  of an inner  s l eeve  weldment, 
be l lcws ,  and ou te r  s leeve  assembly t h a t  a r e  mounted i n s i d e  the  s h i e l d  s o  t h a t  
the s h i e l d  assembly and outer  s leeve w i l l  t e lescope  over the inner  s l eeve  
weldment when an e x t e r n a l  force i s  appl ied.  This  conf igura t ion  provides 

The guide as -  
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l eak - f r ee  passage of p rope l l an t  t o  the  veh ic l e .  During e r e c t i o n ,  t he  bellows 
i s  compressed by two spring-loaded pneumatic c y l i n d e r  assemblies under 750- 
p s i g  GN2 pressure.  When t h e  pressure i s  vented from these  c y l i n d e r s ,  t h e  
r e c o i l  fo rces  of t h e  bellows, combined wi th  the fo rces  of t he  spring-loaded 
c y l i n d e r s ,  f o r c e  t h e  coupling assembly over t h e  v e h i c l e  nozzle.  
i n  t he  r e t r a c t a b l e  coupling assembly provides a p o s i t i v e  seal  wi th  t h e  ve- 
h i c l e  f i l l i n g  nozzle. During r e t r a c t i o n  operat ions be fo re  launch, t he  
coupling assembly r e t r a c t s  pneumatically. Vehicle motion a t  l i f t o f f  provides 
adequate c learance f o r  mast r e t r a c t i o n .  
sembly prevents  damage t o  the  mast during launch operat ions.  

A t e f l o n  seal 

The f l e x i b i l i t y  of t he  coupling as- 

3 . 1 . 2 .  Cylinder Assemblies. Two cy l inde r  assemblies on each m a s t  retract 
and extend the  r e t r a c t a b l e  coupling assembly. Each c y l i n d e r  assembly c o n s i s t s  
p r imar i ly  of two c l e v i s e s ,  a p i s t o n  rod,  a s p r i n g ,  a pressure p o r t ,  and a 
cy l inde r  body. One c l e v i s  connects t he  p i s t o n  t o  t h e  r e t r a c t a b l e  coupling 
assembly; t he  other  connects t h e  cy l inde r  body t o  the  upper pipe weldment. 
The s p r i n g  i n  the cy l inde r  i s  preloaded t o  maintain t h e  p i s t o n  (with the  
r e t r a c t a b l e  coupling assembly a t t ached)  i n  the  extended pos i t i on .  To re t rac t  
the  coupling assembly, 750-psig GN2 e n t e r s  t h e  cy l inde r  through a po r t  above 
t h e  p i s t o n  and forces  the p i s t o n  downward wi th in  t h e  cy l inde r .  When the  cy l -  
inder  i s  vented, t he  s p r i n g  and belluws extend, r e t u r n i n g  a l l  components t o  
t h e i r  normal (extended) p o s i t i o n s ,  

3.1.3. Re t r ac t ing  Assembly. The r e t r a c t i n g  assembly, a n  a d j u s t a b l e  pneu- 
matic c y l i n d e r ,  pivots  t he  upper po r t ion  of t h e  mast i n t o  p o s i t i o n  under t h e  
veh ic l e  nozzle;  o r ,  upon s i g n a l ,  r o t a t e s  t h e  mast away from t h e  veh ic l e .  The 
r e t r a c t i n g  assembly c o n s i s t s  of a pneumatic c y l i n d e r ,  a n  adjustment wheel, a 
c l e v i s ,  and a n  upper and a lower pneumatic po r t .  The c y l i n d e r  support  i s  
at tached t o  a trunnion support  on t h e  mounting assembly, and t h e  c l e v i s  con- 
nec t s  t he  pneumatic cy l inde r  p i s t o n  rod t o  a support  b racke t  on the upper 
m a s t .  750-psig GN2, appl ied through t h e  upper pneumatic p o r t ,  forces  t h e  
p i s t o n  downward. This  fo rce ,  t r ansmi t t ed  through the  p i s t o n  rod t o  t h e  sup- 
po r t  b racke t ,  pivots  t he  m a s t  away from t h e  veh ic l e .  GN2, supplied a t  ap- 
proximately 180-psig through the lower pneumatic p o r t ,  d e c e l e r a t e s  and cushions 
the mast during r e t r a c t i o n .  

Applying pneumatic pressure t o  the lower pneumatic po r t  and vent ing the  
upper po r t ion  of the c y l i n d e r ,  r e t u r n s  the  mast t o  t h e  erect pos i t i on .  
adjustment wheel is used t o  a l i g n  the  m a s t  w i th  t h e  v e h i c l e  nozzle.  

The 

3.1.4.  Mast Ar res to r ,  The mast a r r e s t o r  au tomat i ca l ly  secures  the  m a s t  
i n  i t s  r e t r a c t e d  pos i t i on ,  preventing the  mast from rebounding i n t o  the  ve- 
h i c l e  f l i g h t  pa th  o r  f a l l i n g  back i n t o  the  v e h i c l e  should pneumatic f a i l u r e  
occur during l i f t o f f .  The a r r e s t o r  c o n s i s t s  of a mounting bracket  t h a t  a t -  
taches t o  t h e  r e t r a c t i n g  assembly pneumatic c y l i n d e r ,  a dua l  a r r e s t o r  hook, 
and an a r r e s t o r  pneumatic c y l i n d e r ,  spring-loaded t o  t h e  a r r e s t i n g  pos i t i on .  
The sp r ing  load of t h e  a r r e s t o r  pneumatic c y l i n d e r  r e t a i n s  t h e  hook i n  t h e  
locked p o s i t i o n  u n t i l  pneumatic pressure overcomes t h e  s p r i n g  t ens ion  and 
p ivo t s  t he  hook t o  i t s  r e l eased  p o s i t i o n .  

10 



3.1.5. Mounting Assembly. The mounting assembly, t he  connecting l i n k  
between t h e  upper and lower pipe weldments, i s  secured t o  t h e  support  s tand.  
It has a t runnion  support  t o  which the  r e t r a c t i n g  assembly and support  
b racke t s  a r e  connected; an  adjustment r i n g ,  which provides he ight  adjustment 
of t h e  mast t o  a t t a i n  t h e  c o r r e c t  c learance  between the  r e t r a c t a b l e  coupl ing 
assembly and veh ic l e  f i l l i n g  nozzle;  and adjustment screws, which allow lateral  
adjustment of t he  mast. 

3.1.6. Valve Box Assembly. The valve box assembly on the  support  s tand  
provides  manual and automatic  con t ro l  of pneumatic pressure  f o r  mast opera- 
t i o n .  Manual c o n t r o l  of pneumatic c i r c u i t s  f o r  m a s t  e r e c t i o n ,  r e t r a c t i o n ,  
and checkout u t i l i z e s  button-operated valves  mounted through an access  panel. 
The valve box a l s o  conta ins  a mult i -ported manifold,  o r i f i c e s ,  check va lves ,  
a r e g u l a t o r ,  r e l i e f  va lves ,  and pneumatic tubing. Pneumatic pressure f o r  
automatic  r e t r a c t i o n  of t he  mast a t  l i f t o f f  i s  con t ro l l ed  by a normally- 
c losed  so lenoid  valve i n  the  launcher pedes t a l  valve box, 

3.1.7. Turbine Exhaust Duct. The tu rb ine  exhaust duct  on the  f u e l  mast 
suppor t  s t r u c t u r e  provides a vent  through the  f u e l  mast assembly f o r  ho t  
gases  from the  tu rb ine  of H - 1  engine number f ive .  The duct  c o l l e c t s  and 
r o u t e s  t h e  exhaust gases  through the m a s t  support  s tand  t o  the  atmosphere. 

3.2.  Fuel  and LOX Mast 0perat.ion 

The f u e l  and LOX masts a r e  e rec ted  p r i o r  t o  launch and a l igned  by using 
t h e  valve box assembly on the  mast support  s t and .  The masts r e t r a c t  automat- 
i c a l l y  a t  launch. Since t h e  two masts opera te  i n  the  same manner, only the  
f u e l  m a s t  opera t ion  i s  discussed.  Figure 5, page 41, r ep resen t s  t he  f u e l  and 
LOX mast systems and should b e  used i n  conjunction with the  t e x t .  

3.2.1. Fuel  Mast Erect ion.  The f u e l  mast assembly is e rec t ed  t o  the  
s e r v i c i n g  p o s i t i o n  as follows: 

a. Button-Operated Valve A4511 on the  valve box assembly is 
opened, allowing 750-psig GN2 flow through Check Valve A4515 
i n t o  Cylinder  Assemblies A4502 and A4503. 
assemblies  then r e t r a c t  Ret rac tab le  Coupling Assembly A4500. 
The GN2 a l s o  flows t o  mast Arres tor  Cylinder A4508, re- 
l e a s i n g  the  mast a r r e s t o r  mechanism. Simultaneously,  750-paig 
GN2 flows through Check Valve A4512, O r i f i c e  A4527, and t h e  
r e t r a c t  po r t  of Retract  Cylinder A4504, holding the mast i n  
i t s  r e t r a c t e d  pos i t ion .  

These cy l inder  

b. Button-Operated Valve A4511 is c losed ,  t rapping  the  pneumatic 
pressure  wi th in  the system t o  keep the  coupling assembly and 
the  mast assembly i n  the  r e t r a c t e d  pos i t ion .  

c. Button-Operated Valves A4514 and A4516 are opened. These 
va lves  a r e  mechanically l inked and a r e  ac tua ted  by a s i n g l e  
con t ro l .  Opening these  va lves  suppl ies  750-psig GN2 t o  t h e  
erect po r t  of Ret rac t  Cyl inder  A4504 and vents  t he  pneumatic 
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d. 

e. 

pressure from t h e  re t rac t  po r t  of the r e t r a c t i o n  c y l i n d e r  
through O r i f i c e  A4513 and Vent Valve A4514. 
moves slowly i n t o  p o s i t i o n  under the  v e h i c l e  f i l l i n g  nozzle ,  
with t h e  coupling assembly s t i l l  i n  the  r e t r a c t e d  pos i t i on .  

The mast then 

Button-Operated Valves A4514 and A4516 are closed when t h e  mast 
reaches the erect ( se rv ic ing )  p o s i t i o n ,  w i t h  t h e  r e t r a c t a b l e  
coupling assembly d i r e c t l y  under t h e  v e h i c l e  f i l l i n g  nozzle. 

Button-Operated Vent Valve A4521 i s  opened, vent ing t h e  e n t i r e  
mast assembly. Venting of Cylinder Assemblies A4502 and A4503 
allows t h e  sp r ings  w i t h i n  the  cy l inde r s  t o  extend the  re t ract-  
ab le  coupling assembly, thereby mating the  coupling assembly 
t o  the  veh ic l e  f i l l i n g  nozzle. The vent ing of mast Ar res to r  
Cylinder A4508 allows the a r r e s t o r  hook t o  r e t u r n  t o  i t s  normal 
( a r r e s t i n g )  pos it ion. 

3.2.2. Automatic Mast Retract ion.  Automatic m a s t  r e t r a c t i o n  a t  launch 
occurs as follows: 

a. 

b. 

C .  

d. 

A holddown-arm release s i g n a l  a c t u a t e s  Solenoid Valve A5601 on 
the launcher,  al lowing 750-psig GN2 flow through Check Valve 
A4523 t o  the  re t ract  po r t  of Re t r ac t  Cylinder A4504. 

The 750-psig pneumatic pressure fo rces  the p i s t o n  t o  the  bottom 
of Retract Cylinder A4504, thus r e t r a c t i n g  t h e  mast assembly. 

GN2 a t  750 ps ig  a l s o  flows through Pressure Regulator A4522, 
Rel ief  Valve A4520, and Check Valve A4519 t o  the erect p o r t  of 
the Retract Cylinder A4504 t o  provide 180-psig GN2 f o r  mast 
dece le ra t ion  and cushioning. 

A s  t h e  m a s t  reaches the maximum r e t r a c t e d  p o s i t i o n ,  t he  mast 
a r r e s t o r  l a t c h e s ,  preventing the m a s t  from rebounding i n t o  the  
veh ic l e  f l i g h t  path o r  f a l l i n g  forward should pneumatic f a i l u r e  
occur. 

4. HOLDDOWN ARMS 

4.1. Holddown A r m  Descr ipt ion 

Eight  i d e n t i c a l  holddown assemblies ( f i g u r e  2 )  support  t he  veh ic l e  and 
One holddown-arm assembly prevent l i f t  u n t i l  r e c e i p t  of t he  commit s i g n a l .  

is located under each main f i n  and s tub  f i n .  

The h o l d d m  a r m s  a r e  operated by 750-psig helium suppl ied from valve 
panel 10 through a panel on t h e  launcher. The c o n t r o l l i n g  solenoids  i n  the  
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r e l e a s e  panels are e l e c t r i c a l l y  connected t o  the  sequencing computer w i th in  
the  launch c o n t r o l  c e n t e r  f o r  proper sequencing. 

The holddam-arm assemblies  a r e  seven-feet-high,  c a s t  s t e e l  s t r u c t u r e s  
t h a t  are bo l t ed  t o  the  launcher. Each c o n s i s t s  pr imar i ly  of an arm and two 
p in - jo in t ed  l i n k s .  The arm ( f igure  6 ,  page 43) i s  joined t o  t h e  frame a t  
p in  j o i n t  "A," a l lowing the  arm t o  p ivot  upward and away from the  veh ic l e  
tie-dawn po in t s .  The o ther  end of t he  a r m  i s  supported a t  j o i n t  "B" by an 
assembly composed of two p in- jo in ted  l i n k s .  These l i n k s  a r e  joined end t o  
end and a t t ached  t o  the  holddam frame a t  j o i n t  "D." The connecting j o i n t  
between these  two l i n k s  (p in  j o i n t  "C") i s  connected t o  a pneumatically- 
r e l eased  ba l l - lock  sepa ra to r ,  The l i n k s  a r e  designed s o  t h a t  they s l a n t  in- 
ward toward the  vehic le .  The ba l l - lock  sepa ra to r  assembly is  equipped wi th  
a swivel  n u t ,  which moves the  l i n k  assembly outward and imposes a preload 
aga ins t  t he  ou t r igge r  support  (pin j o i n t  "B"). When pneumatic pressure re -  
leases the  ba l l - lock  sepa ra to r  a t  p in  j o i n t  " C y "  t h e  r e a c t i o n  t o  the  preload 
causes t h e  holddown arm t o  r o t a t e  around i t s  p ivot  po in t  (p in  j o i n t  "A"), 
thus  r e l e a s i n g  the  veh ic l e ,  A s  t he  l i n k  assembly f o l d s  downward, r o t a t i n g  
about  j o i n t  I'D," t he  lower l i n k  encounters a rep laceable  shea r  pin module 
which absorbs k i n e t i c  energy and d e c e l e r a t e s  t he  motion of t he  arms and l i n k s .  
A r m  motion breaks contac t  wi th  a microswitch,  i n d i c a t i n g  i n  the  launch con- 
t r o l  c e n t e r  t h a t  t he  holddawn arms have re leased .  

4.2. Holddown Arm Operation ( f igu re  6) 

The opera t ion  of t he  holddown arms c o n s i s t s  of: at tachment of t he  arms 
t o  the  veh ic l e ,  p r e s s u r i z a t i o n  of t he  r e l e a s e  panel ,  and r e l e a s e  of t h e  hold- 
down a r m s  f o r  veh ic l e  l i f t o f f .  

4.2.1. Release Panel Pressur iza t ion .  Af te r  t he  holddown arms a r e  
a t t ached  t o  the  veh ic l e  holddown po in t s  and the  prescr ibed  preload is  placed 
on the  b a l l - l o c k  device ,  the  system is  ready f o r  p r e s s u r i z a t i o n  a s  follows: 

a. Manual Valve A4444 on the  holddawn-arms r e l e a s e  panel is opened, 
a l lawing 750-psig helium t o  flow from valve panel  10 through 
Check Valve A4443 i n t o  Pneumatic Accumulator A4441. 
su re  wi th in  the  s y s t e m  is ind ica ted  by Pressure Gage A4440. 

The pres- 

b. Pressure  Switch A4418 ac tua te s  a t  approximately 625 ps ig  t o  
c l o s e  a r e l a y  i n  the  engine i g n i t i o n  arming c i r c u i t r y .  

4.2.2. Holddown-Arms Release. The holddawn-arms release sequence i s  
as follows: 

a. When t h e  H-1  engines have reached r a t e d  t h r u s t  and the  engine 
hydraul ic  system has reached opera t ing  pressure ,  a s i g n a l  from 
the  launch cont ro l  c e n t e r  
A4417 and allows 750-psig 
Accumulator A4441 and the  

energizes  Solenoid Valves A4416 and 
helium t o  flow from Pneumatic 
750-psig He supply t o  Manifold A5687. 
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b. The 750-psig helium flows simultaneously from Manifold A5687 
t o  each holddown-arm assembly. 
operate i d e n t i c a l l y  and simultaneously,  t he  operat ion of only 
one a r m  i s  descr ibed.  Eelium flows t o  Quick-Release Mechanism 
A4400, located a t  f i n  I, through Manual Valve A4431. This  
r e l eases  t h e  b a l l - l o c k  sepa ra to r  and allows the preload on the  
holddown a r m  t o  fo rce  the holddown a r m  t o  the  r e l e a s e  pos i t i on .  
The lower l i n k  of the holddown-arm assembly shears  t he  p ins  i n  
the shear  p in  module and comes t o  rest. Switch A4411 a c t u a t e s  
the f i n  I release i n d i c a t o r  i n  the launch c o n t r o l  cen te r .  

Because a l l  holddown arms 
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